Background: Computerized reminder systems (CRS) show promise for increasing preventive services such as colorectal cancer (CRC) screening. However, prior research has not evaluated a generalizable CRS across diverse, community primary care practices. We evaluated whether a generalizable CRS, ClinfoTracker, could improve screening rates for CRC in diverse primary care practices. Methods: The study was a prospective trial to evaluate ClinfoTracker using historical control data in 12 Great Lakes Research In Practice Network community-based, primary care practices distributed from Southeast to Upper Peninsula Michigan. Our outcome measures were pre-and post-study practice-level CRC screening rates among patients seen during the 9-month study period. Ability to maintain the CRS was measured by days of reminder printing. Field notes were used to examine each practice's cohesion and technology capabilities. Results: All but one practice increased their CRC screening rates, ranging from 3.3% to 16.8% improvement. t tests adjusted for within practice correlation showed improvement in screening rates across all 12 practices, from 41.7% to 50.9%, P ϭ 0.002. Technology capabilities impacted printing days (74% for high technology vs. 45% for low technology practices, P ϭ 0.01), and cohesion demonstrated an impact trend for screening (15.3% rate change for high cohesion vs. 7.9% for low cohesion practices). Conclusions: Implementing a generalizable CRS in diverse primary care practices yielded significant improvements in CRC screening rates. Technology capabilities are important in maintaining the system, but practice cohesion may have a greater influence on screening rates. This work has important implications for practices implementing reminder systems.
D espite high levels of awareness among primary care physicians of the recommendations for colorectal cancer (CRC) screening, rates of screening remain low nationally. 1 One solution that has been proposed and studied to remedy this problem is computerized reminders. Studies that have examined the use of computerized reminders to increase cancer screening rates have generally shown favorable results. Unfortunately, the potential for gains has been outweighed in the past by the fact that computerized systems are frequently designed around specific practices' computer infrastructure. [2] [3] [4] Therefore, these systems have largely not been generalizable or sustainable. In addition, few of the reminder system studies have been performed in communitybased practices, most likely because of technology barriers.
Another theme in the primary care preventive services literature explores the role of practice organization. One group has conceptualized this in terms of "tools, teamwork and tenacity." 5 In this model, technology is a tool that operates within the context of a complex, adaptive system. The specific role that the system plays is just now being explored, especially with respect to the implementation of electronic health records (EHR). 6 It is clear based on this work that unless attention is devoted to the organizational context, efforts to introduce new technology into a practice are not likely to produce consistent results and may produce negative results. 7 Prompting and reminding at encounters for prevention (PREP) was undertaken to examine the feasibility of integrating a computerized reminder system (CRS) into a wide variety of practice infrastructures and to examine potential differential effects of directing encounter-based reminders toward clinicians, patients, or both. The study was designed to recruit practices from nonacademic, community settings to maximize the generalizability of its findings. In addition to examining whether a generalizable reminder system could produce increased CRC screening rates, we also sought to understand the impact of practices' organizational contexts.
METHODS

Study Setting and Practice Recruitment
PREP was conducted during 2003-2005 in 13 community practices in the Great Lakes Research into Practice Network (GRIN), a statewide practice-based research network located in Michigan. We sought to select diverse practices in size, organizational structure, and location. An initial GRIN survey returned with 43 practices expressing interest. We excluded residencytraining practices due to concerns about generalizability. We mailed a paper survey to remaining interested practices, made follow-up phone calls to further explain the study, and finally made site visits to 16 practices that continued to be interested. Three practices of these declined after the site visit, resulting in a study group of 13 practices. One practice dropped out during the study due to an ownership change. Characteristics of the practices are summarized in Table 1 . Although primarily located in rural settings ( Fig. 1) , the practices represented a wide range of sizes and management styles. Apart from a largely rural distribution, practice characteristics were comparable to national norms for family physicians. 8 After entry into the study, Institutional Review Board (IRB) approval was sought from University of Michigan IRBMED, Michigan State University's Community Research IRB, Synergy Medical Education Alliance of Saginaw, Michigan, and St. Mary's Health Care IRB of Grand Rapids, Michigan. HIPAA Business Associate agreements were executed between the participating practices and the project.
Intervention
We used ClinfoTracker as our computerized reminder system. ClinfoTracker has been described elsewhere. 9 Clin-foTracker is capable of tracking complete coded problem lists for patients and delivering a wide variety of reminders for preventive and disease management services. However, for PREP, the system was limited to providing CRC screening reminders. ClinfoTracker's CRC screening reminders are driven according to US Preventive Services Task Force guidelines by age and history of prior screening services, be these fecal occult blood test, flexible sigmoidoscopy, colonoscopy, or air contrast barium enema. 10 During 2-3 day implementation visits, ClinfoTracker was installed, staff and clinicians were trained in its use, workflow observations were made, and field notes were gathered on the practices. All practices provided an electronic data file of their patients aged 50 or older for population of their ClinfoTracker system. Whenever possible, we also obtained dates of recent fecal occult blood testing, flexible sigmoidoscopy, and colonoscopy from electronic billing data. In all but 2 practices, ClinfoTracker was integrated with electronic appointment systems so that reminders were automatically printed in advance of patient appointments. In the 2 practices without electronic scheduling, patient charts were preseeded with reminder forms.
Our study protocol randomized practices into 3 arms specifying delivery of reminders to clinicians only, patients only, or both patients and clinicians. ClinfoTracker prints reminders for clinicians on encounter forms and patient reminders on separate forms. Practices were informed that they would be randomized to one of these arms before agreeing to take part, and staff and clinicians were informed of and given training in the delivery of reminders based on their assigned arm. Five practices were randomized to the clinicians only arm, and 4 practices were randomized to both the patients only and both patients and clinicians arms. However, despite our efforts to educate practices on these strategies, practices in the patients only arm found it impractical or illogical to deliver reminders solely to patients, and instead delivered the reminders to their clinicians after only a few weeks of the study. Therefore, our analysis comparing practices compared 9 clinician only practices to 4 patients and clinician practices. 
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During the 9-month study period, the study team stayed in contact with each practice through check-in calls every 2 weeks. Periodic electronic data pulls were also performed to ensure that the reminder systems were being maintained at the practices and to examine interim data. Study practices also initiated contact on an as needed basis for technical support with the reminder system. Six months into the study period one of the study practices requested permission to terminate the study due to a complete turnover in their clinician staff, leaving the study with 12 practices participating in the full 9-month study period.
At the end of the study period, we spent 2-3 days at each study site. At each site, we performed chart reviews on a random sample of 50 female patients and 50 male patients who had visited the practice during the study period. During this final site visit, a focus group was conducted with the entire office staff to debrief on their experiences of working with the ClinfoTracker system.
Data Collection/Analysis Screening Data
Data collected by means of the ClinfoTracker software included all dates of patient encounters and the clinician's response to prompting (whether they checked "ordered," "discussed," "not a candidate," "not addressed" or "done previously") prior CRC screening history, current screening status, and demographic information. These data were used to determine each patient's actual CRC screening status at the beginning and at the end of the study period, which was our primary outcome. Similar data points were gathered from the chart review. We calculated the level of agreement between these 2 methods of assessing screening status with Cohen's kappa statistic (0.43, P Ͻ 0.001) indicating a "moderate" level of agreement. 11 Because of the larger patient sample size in the total ClinfoTracker data from each practice, we used the ClinfoTracker data for all analyses.
Our analysis of the screening data focused on a comparison of the screening rates at the beginning of the study versus the end. We excluded the practice that did not complete the full 9-month study period. We estimated screening rates primarily using data extracted from the ClinfoTracker system. Electronic screening rates were estimated using a denominator based on eligibility for CRC screening at age of 50 or greater at baseline and a numerator of those who were up to date at baseline and the end of the study. We also performed a random chart audit of 100 CRC screening eligible patients in each practice to confirm the ClinfoTracker rates. We computed the change in screening rates for each practice and analyzed the effects of percent days printing, treatment arm, technology adoption, and organizational cohesion on these changes using standard weighted linear regression methods. The weight applied to each practice was the inverse of the variance of the change in its screening rates, which required adjustment for the level of intrapractice correlation, estimated to be ϭ 0.05.
Printing Data
To obtain a measure of how consistently practices were able to use the system, we referenced ClinfoTracker logs to determine the number days during the study that each practice actually printed reminders. After adjusting for holidays and weekends during the study period, a figure was calculated for the percentage of days that printing occurred during the study.
Qualitative Data
The study team took extensive field notes during each site visit, including the recruitment visit. These contained both observational information about practice dynamics and operational information regarding how ClinfoTracker was integrated into each practice. Field notes were maintained in a study folder on our secure research fileserver. All study team members kept abreast of the field notes during the study's progress.
To develop themes and categories from our qualitative data that could be used to characterize our practices, we followed methods that included phases described by Crabtree and Miller of immersion and crystallization and connecting, combined with a templated approach. 12, 13 After the final site visit and before analysis of quantitative data, a daylong meeting of the study team was convened to review the field notes and summarize the team's observations on each practice. After detailed discussion of the practices and our recorded notes, consensus was reached during the first part of the meeting on the importance of practices' organizational cohesion and technology attributes. Briefly, we defined the technology factor as the practice's use of technology resources or infrastructure to ensure project success. As only 2 practices had an electronic medical record at the end of the study, technology had more to do with use of other electronic systems such as electronic billing, scheduling, and internet connectivity and resources to support technology. We defined organizational cohesion as having the ability to adapt to change without significantly compromising the cohesion and productivity of team members. An observed example of this was practice staff working together to adapt and modify existing workflows when unexpected problems arose.
To further the discussion, during the second half of the meeting, the study team ranked each practice on the basis of their organizational and technical attributes. The discussion during the meeting provided a rich summary of the study team's impressions that were built on existing field notes with additional observations and interpretations about the practices. This provided a second-order summary of the data both in general terms and in terms of organizational and technical attributes that either facilitated or hindered practices from implementing and using ClinfoTracker. The entire qualitative data meeting was audio recorded and then transcribed.
Two study team members iteratively coded the transcribed text from the qualitative data meeting using Hyper-Research software, and the coded text was subsequently reviewed by 5 study team members with resolution of disagreements about coding being achieved by a consensus process. Study team members were asked to independently 
RESULTS
Excluding the 2 practices that did not have an electronic appointment system to enable full ClinfoTracker integration, practices printed reminders on average 59% of study days (range, 38 -99%). Figure 2 depicts the baseline and 9-month CRC screening rates for each practice. Baseline screening rates in the 12 practices averaged 41.7% (range, 24.1-59.6%). Nine-month CRC screening rates averaged 66.5% (range, 33.2-66.5%). There was an average 9% increase in CRC screening rates (P ϭ 0.002) (range, 9 -24%). Printing days did not influence screening rate improvement. No significant differences or trends were seen in the changes in screening rates between practices in the original randomization groups or the clinician versus patient and clinician reminder groups that practices moved into.
Analysis of the impact of technology and organizational cohesion factors demonstrated that high technology practices printed on 74% versus 45% of days for low technology practices (P ϭ 0.01). There was no impact on printing from organizational cohesion, nor any interaction effect between technology adoption and organizational cohesion. Examining the contributions of each of these factors on CRC screening rates, trends were observed for greater average improvement in practices with higher organizational cohesion (15.3% vs. 7.9% for low cohesion practices), as well as for lower average improvement in high technology practices (13.3% vs. 8.0% for high technology practices). Taking both into account, in low technology practices the presence of higher organizational cohesion resulted in an average increase in screening rates of 2%. Among high technology practices, this trend was much stronger, showing mean difference of 7.9% ( Table 2 ). Because of the small numbers of practices in the study, none of these trends reached statistical significance.
DISCUSSION
The PREP study set out to examine the feasibility and potential impact of introducing a generalizable CRS into a 14 To our knowledge, our study is the first to evaluate integration of a computerized reminder system into a diverse set of community-based primary care practices.
Another strength of our study is that we examined, as our primary outcome, actual screening status rather than intermediate endpoints such as screening orders. The main results from PREP demonstrate that it is possible to use a common reminder system in a diverse set of practices and achieve significant gains in CRC screening across the group. Beyond these significant results, however, we are aware from prior work of the importance of other factors beyond the technology being used to deliver the reminders. Indeed we became increasingly aware of this as our project progressed. Introduction of any new process requires a practice to adapt and change its existing ways of doing business. Introduction of a new technology may also stress a practice that has limited resources for information technology support, or support that itself is resistant to introduction of a new technology. The lack of an observed impact of organizational cohesion on printing days suggests that when technology resources exist in a practice, they are sufficient to keep a computerized system running. However, this does not guarantee an impact on outcomes. Our findings of trends toward greater increases in CRC screening in practices where we observed higher organizational cohesion echoes other literature that highlights the importance of teams and change management in primary care practices. [15] [16] [17] [18] Simply printing reminders does not ensure that they are available, accepted, and used by a practice.
A full analysis of our qualitative data will be helpful in further developing the themes we report in this article. For this article, we report the preliminary, templated analysis we have performed to date. Because of the important and unique aspect this analysis sheds on our data, we feel it is important to include in this article. Reporting the effects we saw based on technology capabilities and cohesion may spur other investigators to include this type of analysis in their work on how practices implement technology solutions.
Primary care practices are complex organizations that encompass individuals of varied backgrounds, educational attainment, and skill sets. These practices evolve their various workflows in response to numerous influences, both internal and external. For example, efforts to promote CRC screening in a practice may be influenced by prior experiences with patients being diagnosed with colorectal cancer, availability of endoscopic screening, the payor mix and socioeconomic status of the patient population, and sense of "mission" around prevention, among other factors. These influences in turn exert themselves in an organizational context that may be team-oriented with shared decision-making about practice goals and mission, or a context that is hierarchical with decisions being handed down by practice leadership. Hierarchical organization can even manifest itself within solo prac-tices, as we observed to the detriment of an otherwise beneficial technology. This view of primary care practice and the need for team approaches in concert with other strategies is embodied in a recent review. 19 Others' work suggests that where practices have the organizational resources to change and adapt, simple tracking and reminder systems may work as well or better than sophisticated EHR. Orzano et al 20 recently published work showing that EHR technology by itself was not enough to improve key measures but that practices reporting use of identification and tracking systems did demonstrate improvements. This same group has also just published findings demonstrating potential negative effects of EHR use in practices. 7 Finally, a recent analysis of National Ambulatory Medical Care Survey data also fails to show a demonstrable impact of EHR technology on quality of care. 21 Our primary study limitations were the small number of practices involved and the relatively short time window of observation. Our assessment of impact was limited by the scope, which required the use of historical controls. Additionally, practices unwillingness to adhere to the patient only reminder arm was a limitation. These limitations manifested in our inability to demonstrate significant differences between reminder strategies and significant impacts of our organizational factors. We were also highly dependent on the practices' staff to reliably ensure operation of ClinfoTracker, including entry of data into the system showing screening completion. In future reports, we hope to explore in greater depth clinicians' recorded responses to individual reminders, as opposed to the primary outcome of screening status, as well as explore our extensive qualitative data.
A brief comment is warranted regarding our decision to use the ClinfoTracker data for our analyses rather than the chart audit data. We made this decision based on the larger number of analyzable patients in the ClinfoTracker data and the fact that our kappa showed moderate agreement between the two. There was likely missing data both in charts and in the computer system. Given that we did not find evidence of a systematic bias in over-or under-reporting of the screening data in the chart versus computer data, we feel comfortable in our decision to base our primary analysis on the ClinfoTracker data.
In summary, PREP successfully demonstrated that a generalizable CRS could improve CRC screening in diverse primary care practices. This work has important implications for practices that may be reluctant or unable to implement a full EHR in pursuit of quality improvement. We are building on this work through the further development and licensing of the software to Cielo MedSolutions, LLC. The commercial version of the software, Cielo Clinic, is being tested in further clinical trials.
